Sensory representations are repeatedly transformed by neural computations that determine which of their attributes can be effectively processed at each stage. Whereas some early computations are common across multiple sensory systems, they can utilize dissimilar underlying mechanisms depending on the properties of each modality. Recent work in the olfactory bulb has substantially clarified the neural algorithms underlying early odor processing. The high-dimensionality of odor space strictly limits the utility of topographical representations, forcing similarity-dependent computations such as decorrelation to employ unusual neural algorithms. The distinct architectures and properties of the two prominent computational layers in the olfactory bulb suggest that the bulb is directly comparable not only to the retina but also to primary visual cortex.
Sensory representations are repeatedly transformed by neural computations that determine which of their attributes can be effectively processed at each stage. Whereas some early computations are common across multiple sensory systems, they can utilize dissimilar underlying mechanisms depending on the properties of each modality. Recent work in the olfactory bulb has substantially clarified the neural algorithms underlying early odor processing. The high-dimensionality of odor space strictly limits the utility of topographical representations, forcing similarity-dependent computations such as decorrelation to employ unusual neural algorithms. The distinct architectures and properties of the two prominent computational layers in the olfactory bulb suggest that the bulb is directly comparable not only to the retina but also to primary visual cortex.
The unique architecture of the olfactory system Why is the neural architecture of the olfactory system structured as it is? The neural circuits of early sensory systems are faced with common computational problems such as gain control and decorrelation; however, the specific neural algorithms and underlying biophysical circuit mechanisms that solve these computational problems can be constructed quite differently from one another in service to the peculiar properties of each modality. Moreover, each successive stage of sensory processing within a given modality has unique capacities and limitations that depend on the architecture of stimulus representations at that stage and determine the processing tasks that can be effectively performed. Understanding the mechanics of sensory system function requires consideration across these different levels of analysis (Glossary) [1, 2] , as well as assessment of the processing capacities and limitations at each stage of the cascade of representations that underlies sensation. Here I review the functional architecture and theoretical organization of the early olfactory system, emphasizing the structure of primary odor representations and their transformation within the olfactory bulb.
The transduction of odor stimuli by olfactory receptor proteins (ORs) expressed on the cilia of primary olfactory sensory neurons (OSNs) has been reviewed in detail elsewhere [3] . Briefly, the receptive fields of OSNs for odorants are largely conferred by the type of OR they express, which in mice is likely to be a single allele of one receptor type from the 1000-1200 different receptors that are available [4, 5] . These receptive fields are coordinated for subsequent processing via the convergence of axons from OSNs expressing the same OR to the same target locations on the surface layer of the main olfactory bulb (MOB) [6] , there forming discrete glomeruli that exhibit receptive fields determined largely by the properties of that OR (Figure 1a) . Moreover, in the MOB of mammals, most neurons that extend their dendrites into glomeruli, including mitral cells and multiple types of periglomerular and tufted cells, do so into only a single glomerulus, generating a columnar architecture in the MOB that is based directly on OR receptive fields and extends even into the
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Glossary
Chemotopy: the physical distribution of neurons or glomeruli on the surface of the brain (typically the olfactory bulb) with respect to their receptive fields for chemical stimuli (odorants). Whereas the term does not intrinsically imply any organizational principle, it is sometimes used more narrowly to refer to some form of ordered chemotopic map in which the physical location of a neuron or glomerulus with respect to others implies something about its receptive field. Decorrelation: a process by which similar or overlapping neural representations are transformed so as to overlap (or correlate) less, thereby selectively emphasizing their differences over their commonalities. In the present context, this corresponds to the narrowing (sharpening) of receptive fields, and incorporates functions such as contrast enhancement and optimal coding. Levels of analysis: a framework for understanding and comparing complex systems by enabling their simultaneous description at multiple distinct but interrelated levels, from the abstract to the concrete. In his studies of visual perception, Marr identified three useful levels of analysis: the computational, algorithmic, and implementational [1,2]. Briefly, the computational level describes what the system is doing, irrespective of how it is doing it. The algorithmic level describes the rules and/or operations that are being performed, as well as the system of representation in which they are based. Finally, the implementational (or hardware) level describes the physiological and biophysical (or mechanical and electronic) mechanisms that embody the functions of the higher levels. Proximity-dependence: a characteristic of neural network algorithms or mechanisms that depend on the physical proximity among neurons (i.e. for which proximity is an independent variable). A classic example is lateral inhibition in which neighboring neurons inhibit one another strongly and more distant neurons inhibit one another weakly or not at all. Representation: a spatiotemporal pattern of neural activity that carries information about some stimulus or state. In olfaction the primary representation refers to afferent information contained in the activation profile of primary OSNs, whereas the secondary representation refers to the transformation of this information contained across the population of secondary olfactory principal neurons: mitral and middle/deep tufted cells. Subsets of the complete secondary representation can also be referred to separately as secondary representations, such as the discussion of the mitral cell representation and the relative neglect of the middle/deep tufted-cell representation within this review. Similarity-dependence: a characteristic of neural network computations that depend on knowledge or estimation of the receptive field similarities among their inputs. Decorrelation is an example of a similarity-dependent neural computation. Similarity space: an abstract metric space of arbitrary dimensionality in which all aspects of stimulus similarity can be plotted, and similarities (generally, the extent of overlap of receptive fields) are reflected by the Euclidean distance between any two points. Spatial scale: the degree of precision in spatial localization that is relevant for a given representation or metric.
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